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(57) An optical network comprises a central source 
providing light in a plurality of spaced wavelength bands 
and including variable-gain optical amplifiers enabling 
the relative intensity of light in respective wavelength 
bands to be varied. A wavelength-routed network (pref- 
erably but not necessarily passive) receives light in all 
the wavelength bands from the central source and 
routes each wavelength band to a respective terminals. 
The terminals are operable to modulate and return re- 



ceived light in any of the said wavelength bands, and 
may be simple and identical, requiring no precision light 
source, as would otherwise be needed to allow multi- 
plexing to use optical fibre efficiently. 

The operator can adjust the semiconductor optical 
amplifiers to illuminate or disable individual terminals, 
as required, and can alter the intensity (and if required 
type) of light supplied to the terminals to maintain a sat- 
isfactory signal level, minimising need for engineer vis- 
its. 
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Description 

[0001] This invention relates to optical networks for 
communications, and more especially (but not exclu- 
sively) to access networks and local area networks; it 
also relates to methods of cpntrolling such networks and 
the use of particular light sources for this purpose. 
[0002] Optical fibres are now firmly established as the 
preferred means of conveying trunk communications, 
but they are up to now seldom used for direct connection 
to individual subscribers or to terminals in local area net- 
works, where their advantages of reliability, capacity 
and security are equally valid , largely because of the rel- 
atively high cost of high-quality fibre and of optical ter- 
minal equipment compared with their electrical ana- 
logues. 

[0003] The present invention seeks to reduce costs 
by increasing the utilisation of fibre by multiplexing, and 
yetto allowthe use of simple, low-maintenance terminal 
equipment which can be completely identical for all ter- 
minals (or for each of a small number of terminal types, 
say differing in bit rate), facilitating mass production, and 
in which delicate or temperature-sensitive equipment 
can be wholly or largely located in a small number of 
central locations (telephone exchanges or central offic- 
es, or local network controllers). 
[0004] It will be readily understood that the cost of fi- 
bre per terminal can be reduced if as much as possible 
of the.length of fibre serving the terminal is shared with 
one or preferably a plurality of other terminals. In prin- 
ciple, this can easily be achieved by wavelength-division 
multiplexing, in which each terminal of a sharing group 
has a unique optical wavelength allocated to it, but if that 
requires each terminal to have a robust light source that 
is stable at its allocated wavelength and in intensity, it is 
not likely to be cost-effective. 
[0005] In accordance with one aspect of the present 
invention, an optical network comprises: 

a central source providing light in a plurality of 
spaced wavelength bands and including variable- 
gain optical amplifiers enabling the relative intensity 
of light in respective wavelength bands to be varied; 
plural distributed terminals operable to modulate 
and return received light in any of the said wave- 
length bands; and 

a wavelength-routed network receiving light in all 
the said wavelength bands from the central source 
and routing each wavelength band to a respective 
one of the terminals. 

[0006] Preferably the variable-gain optical amplifiers 
are an array of semiconductor optical amplifiers, in 
which case they will be followed by a wavelength-divi- 
sion multiplexer for receiving their outputs and passing 
them together to the wavelength-routed network; they 
may also be preceded by a wavelength-division demul- 
tiplexer receiving light from a single multi-band source, 



though it is also possible to use a separate source for 
each wavelength band. 

[0007] The central source is preferably a spectral-slic- 
ing source in which light in a range of wavelengths (a 

5 source with either a continuous spectrum or a spectrum 
made up of many lines) is generated and spaced wave- 
length bands selected from it by use of appropriate 
wavelength-division multiplexers and/or filters. 
[0008] Suitable light generators for use in such a 

10 source include erbium-doped (or more generally rare- 
earth doped) fibre amplifiers or semiconductor optical 
amplifiers, in each case functioning as light sources by 
amplification of spontaneous light emission. They also 
include 

15 

• super-continuum sources, 

• mode-locked lasers, 

• supertuminesceht diodes, 

• other light-emitting diodes of sufficient optical pow- 
20 er and spectral bandwidth . and N 

• wavelength combs. 

Either coherent or incoherent light can be used. 
[0009] Light from such generators can be sliced to ob- 
25 tain the required separated wavebands by wavelength- 
division multiplexers based on arrayed-waveguide grat- 
ings, thin-film filters, directional couplers, or filters of the 
blazed-grating type, all of which are established in the 
optical communications art. If the type of multiplexer 
30 used is one (such as an arrayed waveguide grating) that 
allows multiple wavelength orders to pass to each chan- 
nel, band-pass filters or auxiliary coarse wavelength-di- 
vision multiplexers may be used at the source to prevent 
this, or elsewhere in the network to take advantage of it 
35 by subsequently separating the different orders and al- 
locating them to different purposes (for instance to up- 
stream and downstream signals, where this may allow 
the same multiplexers to serve for routing light in both 
directions). 

40 [0010] The simplest and preferred form of terminal is 
a reflection modulator, in which light is reflected back at 
the facet opposite that at which it enters. Alternatively, 
an transmission modulator can be used and light re- 
turned using a second fibre or preferably by using a 
45 waveguide loop and an optical circulator to return the 
modulated light to the same fibre that provided the input 
light. 

[001 1] In most cases we prefer that the wavelength- 
routed network is entirely passive, but a reconfigurable 
50 network could be used, for example if it were desired to 
allocate a particular wavelength band to different termi- 
nals at different times (for example, to take advantage 
of "diversity" by allocating light only to terminals that 
have indicated a desire to transmit). 
55 [0012] Except in the less preferred case in which a 
separate return fibre is used, it will be necessary to sep- 
arate modulated light returned from the terminals from 
the path returning to the light source, for example by use 
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of a circulator, so that it can be routed to an appropriate 
switch (in the case of an access network) or to the in- 
tended receiver terminal (in the case of a local area net- 
work). In the latter case, the receivers may (depending 
on the network type) be connected by a reconfigurable 
optical network so that signals are routed exclusively to 
the terminal intended to receive them. 
[0013] The operator of a network in accordance with 
the invention can, by adjustment of individual optical 
amplifiers, turn on or off individual subscribers (for ex- 
ample permitting a strictly off-peak tariff to be applied 
without requiring timing equipment on the subscriber's 
premises) and can adjust light levels to compensate for 
degradation by ageing or minor damage, reducing the 
need for expensive engineer site visits. It is also possible 
to allocate different types of light to individual terminals, 
for example if a subscriber upgrades his terminal equip- 
ment. 

[0014] If it should be desired to synchronise the ter- 
minals of the network, the variable-gain semiconductor 
optical amplifiers could be used additionally to modulate 
the light supplied to them with a clock signal. 
[0015] Thus the invention includes a method of con- 
trolling an optical network comprising forming the net- 
work with 

a central source providing light in a plurality of 
spaced wavelength bands and including variable-gain 
optical amplifiers enabling the relative intensity of light 
in respective wavelength bands to be varied; 

plural distributed terminals operable to modulate 
and return received light in any of the said wavelength 
bands; and 

a wavelength-routed network receiving light in all 
the said wavelength bands from the central source and 
routing each wavelength band to a respective one of the 
terminals 

and adjusting the said variable optical amplifiers individ- 
ually to determine the level (if any) of light reaching the 
respective terminals. 

[0016] It also includes the use of a central source pro- 
viding light in a plurality of spaced wavelength bands 
and including variable-gain optical amplifiers enabling 
the relative intensity of light in respective wavelength 
bands to be varied for controlling the operation of an 
optical network of the kind comprising plural distributed 
terminals each operable to modulate and return re- 
ceived light in any of the said wavelength bands and a 
wavelength-routed network receiving light in all the said 
wavelength bands from a . central source and routing 
each wavelength band to a respective one of the termi- 
nals. 

[001 7] The invention will be further described, by way 
of example, with reference to the accompanying draw- 
ings in which: 

Figure 1 is a diagram of the relevant part of an ac- 
cess network in accordance with the invention; and 
Figure 2 is a diagram of a local-area network in ac- 



cordance with the invention. 

[001 8] In the apparatus of figure 1 , at! the components 
shown to the left of the line 1 are to be located within 
5 one of the central offices (exchanges) of the total com- 
munication network. Light from a broadband source 2, 
say an erbium-doped fibre amplifier operating to gener- 
ate amplified spontaneous emission radiation, is first 
passed through a band-pass filter 3 to select an overall 
10 system waveband and thence to an integrated optical 
circuit 4 comprising a wavelength-division demultiplexer 
5 which separates an appropriate number of spaced in- 
dividual wavebands ^ to A, n , discarding wavelengths 
between the chosen wavebands, and passes each 
waveband to a respective semiconductor optical ampli- 
fier 6. The outputs from the semiconductor optical am- 
plifiers are recombined by a wavelength-division multi- 
plexer 7 and pass via a circulator 8 to a wavelength- 
routed network 9 set up to send light of each waveband 
to a corresponding one of identical subscriber installa- 
tions comprising reflection modulators 10. When oper- 
ational, each reflection modulator 10 applies data mod- 
ulation signals to the received light and returns it wathe 
network 9 to the circulator 8, which separates the re- 
turned signal and routes it (say) to a further wavelength- 
division multiplexer which separates the channels for 
onward transmission in any appropriate way to their in- 
tended receivers 12. 

[0019] It will be apparent that (perhaps with rare ex- 
ceptions for some types of telemetry installation) each 
subscriber installation will also require a receiver and 
appropriate network connections to route incoming sig- 
nals to it, but these may be conventional (either wholly 
separate or where appropriate incorporated into a full 
duplex or half-duplex system to reduce fibre require- 
ment) and as they have no relevance to the invention 
they will not be further described. 
[0020] In the preferred form of the invention, the 
wavelength-routed network 9 is passive and uses fixed 
wavelength-division demultiplexers (or less desirably fil- 
ters) so that each terminal modulator 1 0 receives always 
the same wavelength band, so that no reconfigurable or 
active components are needed outside of the central of- 
fice. 

[0021] The network operator can activate or de-actl- 
vate individual terminals at will by turning on or off the 
corresponding semiconductor optical amplifier 6 (any 
light passing through it in its turned-off state being insuf- 
ficient in intensity to return a detectable signal) and can 
adjust the light level sent to each active terminal to op- 
timise the intensity of the signal being received from it, 
for example increasing it if the losses increase due to 
ageing, minor damage, or fractional misalignment in the 
subscriber's equipment or the part of the network serv- 
ing it. 

[0022] Figure 2 illustrates a minor modification in 
which the reflection modulators 10 in the subscriber's 
transmitters are replaced by transmission modulators 
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13; the passive wavelength-routed network, here repre- 
sented by two wavelength-division multiplexers 14 and 
15, returns the modulated light signals through a sepa- 
rate fibre in cable 16 to the demultiplexer 11 in the cen- 
tral office. This is considered a less desirable form of the 5 
invention, because it needs more fibre, though it does 
eliminate the need for circulator 8. 
. [0023] The local-area network of Figure 3 is substan- 
tially the same as the network of Figure 1 , except that 
the circulator 8 passes the received data signals directly 10 
to a reconfigurable wavelength -routed network 1 7 which 
(in a conventional way) distributes signals to the receiv- 
ers 18 of the terminals to which they are respectively 
addressed. 

[0024] Any discussion of the background to the inven- ts 
tion herein is included to explain the context of the in- 
vention. Where any document or information is referred 
to as "known", it is admitted only that it was known to at 
ieast one member of the public somewhere prior to the 
date of this application. Unless the content of the refer- 20 
ence otherwise clearly indicates, no admission is made 
that such knowledge was available to the public or to 
experts in the art to which the invention relates in any 
particular country (whether a member-state of the PCT 
or not), nor that it was known or disclosed before the 25 
invention was made or prior to any claimed date. Fur- 
ther, no admission is made that any document or infor- 
mation forms part of the common general knowledge of 
the art either on a world-wide basis or in any country 
and it is not believed that any of it does so. 30 



Claims 

1. An optical network comprising: 35 

a central source providing light in a plurality of 
spaced wavelength bands and including variable- 
gain optical amplifiers enabling the relative intensity 
of light in respective wavelength bands to be varied; 

plural distributed terminals operable to mod- *o 
ulate and return received light in any of the said 
wavelength bands; and 

a wavelength-routed network receiving light in 
all the said wavelength bands from the central 
source and routing each wavelength band to a re- 45 
spective one of the terminals. 

2. An optical network as claimed in claim 1 in which 
the variable-gain optical amplifiers are an array of 
semiconductor optical amplifiers and are followed 50 
by a wavelength-division multiplexer for receiving 
their outputs and passing them together to the 
wavelength-routed network. 

3. An optical network as claimed in claim 2 in which 55 
the semiconductor optical amplifiers are also pre- 
ceded by a wavelength-division demultiplexer re- 
ceiving light from a single multi-band source. 



4. An optical network as claimed in any one of claims 
1 -3 in which the central source is a spectral-slicing 
source in which light in a continuous range of wave- 
lengths is generated and spaced wavelength bands 
selected from it by use of appropriate wavelength- 
division multiplexers and/or filters. 

5. An optical network as claimed in claim 4 in which 
the light generator is selected from 

• erbium-doped (or other rare-earth doped) fibre 
amplifiers, 

• semiconductor optical amplifiers, 

• super-continuum sources, 

• mode-locked lasers 

• superluminescent diodes, 

• other light-emitting diodes of sufficient optical 
power and spectral bandwidth, and 

• wavelength combs. 

6. An optical network as claimed in claim 5 comprising 
wavelength-division multiplexers based on ar- 
rayed- waveguide gratings, thin-film filters, direc- 
tional couplers, or filters of the blazed-grating type, 
for slicing to obtain the required spaced wave- 
bands. 

7. An optical network as claimed in any one of claims 
1 -6 in which at least some terminals each comprise 
a reflection modulator. 

8. An optical network as claimed in any one of claims 
1 -7 in which all the terminals are substantially iden- 
tical. 

9. An optical network as claimed in any one of claims 
1 -8 in which the said wavelength-routed network Is 
entirely passive. 

1 0. A method of controlling an optical network compris- 
ing forming the network with 

a central source providing light in a plurality of 
spaced wavelength bands and including variable- 
gain optical amplifiers enabling the relative intensity 
of light in respective wavelength bands to be varied; 
plural distributed terminals operable to modulate 
and return received light in any of the said wave- 
length bands; and 

a wavelength-routed network receiving light in all 
the said wavelength bands from the central source 
and routing each wavelength band to a respective 
one of the terminals 

and adjusting the said variable optical amplifiers in- 
dividually to determine the level (if any) of light 
reaching the respective terminals. 

11. The use of a central source providing light in a plu- 
rality of spaced wavelength bands and including 
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variable-gain optical amplifiers enabling the relative 
intensity of light in respective wavelength bands to 
be varied for controlling the operation of an optical 
network of the kind comprising plural distributed ter- 
minals each operable to modulate and return re- 5 
ceived light In any of the said wavelength bands and 
a wavelength-routed network receiving light in all 
the said wavelength bands from a central source 
and routing each wavelength band to a respective 
one of the terminals. 10 
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Figure 2 



6 



EP 1 450 507 A1 




EP 1 450 507 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 03 25 0617 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ot document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnLCI.7) 



SHARMA M E7 AL: "WDM RING NETWORK USING A 
CENTRALIZED HULTIWAVELENGTH LIGHT SOURCE 
AND ADD-DROP MULTIPLEXING FILTERS' 
JOURNAL OF LIGHTWAVE TECHNOLOGY, IEEE. NEW 
YORK, US, 

vol. 15, no. 6, 1 June 1997 (1997-06-01), 
pages 917-929, XP00O7OO6OO 
ISSN: 0733-8724 

* page 921, right-hand column, paragraph 2 
- page 922, left-hand column, paragraph 3 



YAMASHITA A ET AL: "A 
POLARIZATION- INDEPENDENT LOCAL NODE 
CONSTRUCTION FOR OPTICAL WDM RING NETWORKS 
USING A CENTRALIZED MULTIWAVELENGTH LIGHT 
SOURCE" 

IEICE TRANSACTIONS ON COMMUNICATIONS, 

INSTITUTE OF ELECTRONICS INFORMATION AND 

COMM. ENG. TOKYO, JP, 

vol. E81-B, no. 11, 

1 November 1998 (1998-11-01), pages 

2168-2174, XP000790245 

ISSN: 0916-8516 

* page 2168, left-hand column, paragraph 1 
- page 2169, left-hand column, paragraph 2 



WO 01 67659 A (LIGHTCHIP INC) 
13 September 2001 (2001-09-13) 

* page 11, line 1 - line 12 * 

US 6 208 441 Bl (JONES KEVAN PETER ET AL) 
27 March 2001 (2001-03-27) 

* column 4, line 27 - line 39; figure 1 * 



The present search report has been drawn up lor alt claims 



1-6,8, 
10,11 



H04J 14/02 



7,9 



1-8,10, 
11 



TECHNICAL FIELDS 
SEARCHED (W.CI.7) 



H04J 

H04B 



1-3,10, 

11 



1-3,10, 
11 



Place olaearen 



THE HAGUE 



□ate o» completion of tnft aeaich 

5 August 2003 



Examiner 

Alonso Martin, M.E. 



CATEGORY OF CITED DOCUMENTS 

X : pa/ticu forty relevant if taken atone 

Y : particularly relevant d combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, oor responding 
document 



8 



EP 1 450 507 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 03 25 0617 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ol document with indication, whore appropriate, 
ol relevant passages 



Relevant 
lo claim 



CLASSIFICATION OF THE 
APPLICATION (lnLCI.7) 



US 5 790 287 A (MAGI LL PETER D ET AL) 
4 August 1998 (1998-08-04) 

* column 1, line 23 - line 33 * 

* column 3, line 55 - column 4, line 30; 
figure 1 * 

US 2001/015840 Al (LYU GAP Y0UL) 
23 August 2001 (2001-08-23) 

* paragraphs 

[0091] , [0005] - [0011] , [0016] - [0021] * 

EP 1 024 541 A (NIPPON ELECTRIC CO) 
2 August 2000 (2OO0-O8-O2) 

* paragraphs [0001] , [0013] , [0015] * 

H0LL0WAY W T ET AL: "MULTIWAVE LENGTH 
SOURCE FOR SPECTRUM-SLICED WDM ACCESS 
NETWORKS AN0 LAN'S" 

IEEE PHOTONICS TECHNOLOGY LETTERS, IEEE 
INC. NEW YORK, US, 

vol. 9, no. 7, 1 July 1997 (1997-07-01), 
pages 1014-1016, XP000659111 
ISSN: 1041-1135 

* page 1014, left-hand column, paragraph 
- right-hand column, paragraph 1 * 



1,9 



1,10,11 



1,10,11 



5,6 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



The present search report has been drawn up for all claims 



Place at March 



THE HAGUE 



Ode ol completer, ot the aeajch 

5 August 2003 



Examine* 

Alonso Martin, M.E. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken atone 

Y : particularly relevant if combined with another 

document of the tame category 
A : techno logical background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the fling date 
D : document sited in the application 
L : docume rrt ched for other reasons 



& : member of the same patent family, corresponding 



9 



EP 1 450 507 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 93 25 0617 



This annex fists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office E DP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

05-08-2003 



Patent document 
cited in search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



WO 0167659 A 


13-09-2001 


AU 


4544101 A 


17-09-2001 






CA 


2409726 Al 

^ 1 w ✓ / l_ V 111 


13-09-2001 






WO 


0167659 Al 


13-09-2001 


US 620844J Bl 


27-03-2001 


CA 


2225469 Al 


20-02-1997 






CN 


1197563 A 


28-10-1998 






0E 


69612983 01 


28-06-2001 






DE 


69612983 T2 


17-01-2002 






OK 


842575 T3 


27-08-2001 






EP 


0842575 Al 


20-05-1998 






WO 


9706616 Al 


20-02-1997 






JP 


11510346 T 


07-09-1999 


US 5790287 A 


04-08-1998 


US 


5559624 A 


24-09-1996 






US 


5815295 A 


29-09-1998 


* 




CA 


2118616 Al 


12-09-1994 






EP 


0615358 Al 


14-09-1994 






JP 


6350566 A 


22-12-1994 


US 2001015840 Al 


23-08-2001 


KR 


2001058224 A 


05-07-2001 


EP 1024541 A 


02-08-2000 


JP 


2000286492 A 


13-10-2000 






EP 


1024541 A2 


02-08-2000 



& For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



10 



